ABSTRACT. Fermented bamboo shoots are popular traditional food items of various ethnic groups of the northeastern India, especially in Manipur State. Dendrocalamus hamiltonii is an economically important bamboo species used to produce fermented bamboo shoots. We studied genetic variability of this bamboo species in Chandel and Imphal-East (commercial production districts), using AFLP molecular markers. Each of the selected primers detected polymorphisms and 1614 (95.8%) were found to be polymorphic. Cluster analysis based on Dice similarity coefficients using UPGMA differentiated the populations into two major groups. Principal coordinate analysis based on the AFLP data clearly separated the populations according to their genetic diversity and antioxidant activity. Four primers were tested through multiple regression analysis to identify marker-trait association between AFLP data and biochemical attributes, i.e., antioxidant activity and total cyanide content. The 273 bp generated by EcoRI-AAG(Joe)/MseI-CTC showed high positive correlation with antioxidant activity (r = 0.729, P < 0.01). The 396 bp generated by EcoRI-AAC(Ned)/MseI-CTG were negatively correlated with cyanide content (r = -0.694, P < 0.01). Thus, we found association of DNA markers with antioxidant activities and total cyanide content. These results could be of use for the identification of superior genotypes with desirable traits.
INTRODUCTION
in shoots have been evaluated in a relatively large number of species (Srivastava, 1990; Shi and Yang, 1992; Nirmala et al., 2007) . Evaluation for antioxidant properties and cyanogenic glycosides has also been carried out in a few species of Bambusa arundinacea Wild, Phyllostachys pubescens and P. nigra (Haque and Bradbury, 2002; Park and John, 2010) .
Molecular markers, through their association with biochemical and functional traits, allow the establishment of trait-related DNA markers (Virk et al., 1996; Mishra and Sen-Mandi, 2004; Kar et al., 2008) . Thus, this investigation was undertaken for the following purposes: i) to study the genetic relationships between D. hamiltonii populations using the AFLP technique with automated DNA sequencing, ii) to evaluate the total cyanide content and antioxidant activity in bamboo shoots, and iii) to determine the specific association between AFLP markers and biochemical traits such as antioxidant activity and total cyanide content for use in marker-assisted breeding.
MATERIAL AND METHODS

Sampling
Ten accessions of D. hamiltonii Nees & Arn. ex Munro, locally known as "Unap", were collected from two districts, i.e., Imphal-East and Chandel of Manipur. Collection sites were chosen based on the distribution of D. hamiltonii and each accession of a population (Imphal-East and Chandel) was 10-50 km apart. Their name, geographical features and collection numbers are shown in Figure 1 and Table 1 . The herbarium specimens of the collected samples were deposited with the Botanical Survey of India, Howrah, West-Bengal, India, for proper identification and storage. Leaf materials were collected for DNA isolation from clumps of 10 sites under study. Bamboo shoots of the 10 accessions for biochemical analysis were collected from three randomly chosen culms at each collection site. 
Morphological characterization
Analysis was done using 35 morphological descriptors (11 culms, 13 culm-sheaths and 11 leaves) for each sample in triplicate. The morphological data were analyzed using NTSYS-pc version 2.2 (Rohfl, 2000) , coupled according to Sneath and Sokal (1973) , following the simple matching coefficient with SIMQUAL function for the generation of a similarity matrix. The best dendrogram was generated by coupling the unweighted pair-group method with arithmetric averages (UPGMA) (Sokal and Michener, 1958) and the SAHN function.
DNA extraction and AFLP analysis
DNA was extracted from young leaves using the N-cetyl-N, N, N-trimethylammonium bromide (CTAB) method described by Doyle and Doyle (1990) with modifications. DNA was quantified using the Spectrophotometer Nano Drop TM (Nano Technology). Quality assessment of extracted DNA was performed by agarose gel electrophoresis with ethidium bromide staining and a 1-kb DNA ladder (Novagen, Merck) as the DNA size marker.
The AFLP technique was performed on 500 ng genomic DNA with the AFLP Plant Mapping kit for average-sized genomes. The AFLP procedure followed manufacturer protocol. The method was based on Vos et al. (1995) , but the primers were labeled with nonradioactive fluorescent dye. In all, 20 selective primer combinations were tested, and the four that gave good amplifications and showed polymorphisms were chosen. The combinations were
Selective amplification was conducted on a Thermocycler (Applied Biosystems Veriti TM , USA), according to the following program: 94°C for 2 min; 10 cycles of 94°C for 20 s, 66°C (-1°C/cycle) for 30 s and 72°C for 2 min; 20 cycles of 94°C for 20 s, 56°C for 30 s and 72°C for 2 min, and 60°C for 30 min and 4°C for infinity. The samples were loaded onto a 6% (29:1) polyacylamide gel on an ABI Prism 377 Sequencer (Applied Biosystems). An internal size standard (GS-500 ROX, Applied Biosystems) was included in each sample to facilitate fragment sizing, and the GeneScan Analysis 2.1 Software was used to estimate fragment size. Hereafter, the GeneScan scoring Microsoft excel. Markers that failed in displaying good amplification in any of the individuals were excluded from further analysis.
Cluster and principal coordinate analysis (PCA)
Genetic similarities were calculated from the scoring matrix using the DICE coefficient (Dice, 1945) in the NTSYS pc version 2.2 software (Rohlf, 2000) . Based on the distance matrix, cluster analysis was performed by the UPGMA of the same NTSYS software package. Furthermore, PCA was carried out based on the pairwise genetic similarity matrix using the DCENTER and EIGEN procedures of the NTSYS pc version 2.2 software.
Antioxidant activity
Thirty-day-old juvenile bamboo shoots of the 10 D. hamiltonii accessions were harvested and washed with distilled water after removal of all sheath coverings. Sliced pieces of 100 g were weighed out and boiled with 300 mL distilled water for 2 h at 100°C (Soxhlet extraction). The total extract was filtered through Whatman No. 6 filter paper. The filtrate was evaporated on a water bath at 100°C, and the solid residue was stored in a refrigerator (4°C) for further experiments. The scavenging effect of the extracts for DPPH (2, 2-diphenyl-1-picrylhydrazyl) radical was monitored according to the method of Mensor et al. (2001) . One milliliter of 0.3 mM DPPH ethanolic solution was added to each 3.0 mL of the samples with different concentrations of bamboo shoots extract. The mixtures were vortexed for 1 min and then left to stand at room temperature in the dark. After 30 min, absorbance was read at 517 nm in a UVvisible spectrophotometer (UV-1700, Shimadzu). The scavenging activity of the DPPH radical was calculated using the following equation: Scavenging activity (%) = 100 x (A Control -A Sample ) / A Control , where A Control is the absorbance of the control reaction (containing all reagents except the test extract) and A Sample is the absorbance of the test compound. The half-maximal inhibitory concentration (IC 50 ) was defined as the amount of extract required for 50% reduction of free scavenging activity. The IC 50 values were obtained from the inhibition curves.
Determination of total cyanide content using the picrate method
Thirty-day-old juvenile bamboo shoots of D. hamiltonii harvested from the ground level were assayed for cyanide using the modified picrate method (Haque and Bradbury, 2002) . Analyses were carried out on three portions (top, middle and bottom) obtained by cutting each shoot at equal distances. The standard curve for determination of HCN was obtained using NaCN solution. Five milliliters of alkaline picrate solution (1.4 g picric acid in 2.5% Na 2 CO 3 ) and 5 mL NaCN solution (181 mg NaCN in 1 L water to give 100 µg HCN/mL concentrations) were heated together for 5 min in boiling water. Samples of 0.1, 0.2, 0.4, 0.6, 0.8, and 1 mL of the resultant NaCN alkaline picrate solution were placed in separate test tubes and made up to 5 mL with distilled water to give 5, 10, 20, 30, 40, and 50 µg HCN, respectively.
Karl Pearson correlation coefficient and multiple regression analysis
Correlations between parameters were examined using the Karl Pearson correlation method. The association between AFLP markers and the quantitative traits was estimated through stepwise multiple regression analysis (MRA), where each quantitative trait was treated as a dependent variable, while the AFLP markers were treated as independent variables. The analysis was based on the model: Y = a + b 1 m 1 + b 2 m 2 +……+b j m j +…..b n m n + d + e, which related the variation in the dependent variable (Y = accession for a quantitative trait) to a linear function of the set of independent variables mj, representing AFLP markers. The bj terms are the partial regression coefficients that specify the empirical relationships between Y and mj; d represents between-accession residual, which is left after regression, and e is the random error of Y, which includes environmental variation (Virk et al., 1996; Kar et al., 2008) . To select independent variables for the regression equation, F values with 0.045 and 0.099 probabilities were used to enter and remove, respectively (Affifi and Clark, 1984) . All analyses were performed using the same SPSS software package. R 2 is the correlation coefficient. Selected markers were further tested with linear curve fitting, using linear models for confirming the significance of β-statistics for each band identified by MRA. Beta can be defined as standardized regression coefficient = BSx/BSy, where B is the regression coefficient or slope and Sx and Sy are the standard deviations of independent (x) and dependent (y) variables (Affifi and Clark, 1984; Kar et al., 2008; Ruan et al., 2009 ).
RESULTS AND DISCUSSION
Morphological variation among populations of D. hamiltonii
The UPGMA dendrogram based on morphological similarity values (simple matching coefficient) with a cophenetic value of 0.67 is presented in Figure 2 . The dendrogram produced two groups. Accessions U-CHP1, U-CHP2, U-CHP3, and U-CHP4 belonging to the same population were observed to be morphologically close in the dendrogram. Interestingly, the U-CHP5 and U-CHP6 accessions were grouped with the other accessions of a population. Although, the morphological dendrogram generated from similarity or genetic distance matrices provided an overall pattern of variation as well as the degree of relatedness between accessions, variation in environmental conditions such as soil types, light, temperature, and moisture regime leads to different results when using morphological characters. Vegetative characters such as culm and culm sheath are the major criteria used by taxonomists for the identification of bamboo species (Ohrnberger and Goerrings, 1986) in the absence of floral characteristics. According to Wu (1962) , classification based on vegetative characters poses a number of problems because vegetative characters are often environmentally influenced, which is not constant for systematic purposes. Hence, these observations emphasize the need for implementing molecular techniques such as DNA genetic markers for proper characterization of D. hamiltonii germplasm.
Molecular characterization and assessment of genetic diversity with AFLP marker
Among all primer combinations selected, four combinations were able to induce the highest polymorphism levels as well as a uniform distribution of peaks in the region analyzed (35-629 bp). The selected combinations of primers generated a total of 1684 peaks, of which 95.8% were polymorphic ( Table 2 ). The level of polymorphism ranged from 92.04% (EcoRI-ACG(Joe)/MseI-CAG) to 100% (EcoRI-AAC(Ned)/MseI-CTG). The DICE similarity between accessions ranged from 0.152 (U-CHP4 vs U-IEP7) to 0.856 (U-CHP5 vs U-CHP6), with an average similarity among all accessions of 0.454. The UPGMA cluster analysis revealed that the 10 accessions were clustered into 2 groups (Figure 3) . Group 1 consisted mainly of populations from the Imphal-East district with a mean similarity index (Si) of 0.592, while Group 2 contained populations from the Chandel district with a mean Si of 0.563. The selected primers used in this study gave a reasonable number of amplification products for the genetic diversity analysis of D. hamiltonii. Despite their drawback of being dominant markers, the major advantage of AFLPs is their capacity to generate a large number of markers compared to other molecular marker systems, making it an important tool for population genetic investigations. The results of this research demonstrated that a substantial level of genetic variation exists within D. hamiltonii accessions, indicating that fluorescence-based AFLP analysis is sensitive and reproducible for detecting such levels of variation. Thus, our findings provide guidance for future efficient use of these molecular methods in the genetic analysis of this bamboo species. 
Scavenging activity on DPPH radicals
DPPH was used to determine the proton-radical scavenging action of the bamboo shoot extract since it possesses a proton free radical and shows a high level of sensitivity. Figure 4 shows the dose-response curve for the radical scavenging activity of a water extract of bamboo shoots (WEB) for the 10 D. hamiltonii accessions. A significant variation in terms of free radical scavenging activity of WEB was observed among accessions of D. hamiltonii (26.54-43.45%). Strong DPPH activity of WEB at 400 µg/mL was observed in U-IEP8 (43.45%), followed by U-IEP9 (38.9%), while the lowest was obtained in U-CHP6 (26.54%). While Table 3 depicts the calculated IC 50 , the concentration required for decreasing the initial DPPH concentration by 50%. The IC 50 was obtained by interpolation from linear regression analysis of data shown in Figure 4 . The IC 50 value of WEB in U-IEP8 was 0.114 mg/mL compared to that of ascorbic acid of 0.003 mg/mL. A limited report is available on the antioxidant activity of bamboo shoot extracts, and most of the research has focused on the extracts of leaves and bamboo culms (Hu et al., 2000; Kweon et al., 2001 ). Park and Jhon (2010) showed that two cultivated edible bamboo species of Korea, P. pubescens and P. nigra, possessed strong antioxidant activity in their bamboo shoot extracts. The present study was the efforts for the elaborate research on the screening of scavenging activity of WEB on the DPPH free radicals of D. hamiltonii accessions grown in two districts of Manipur, the major production region of fermented bamboo shoots. Such wide variations in antioxidant activity have also been reported among genotypes of cultivars in various fruit species such as blueberry (Connor et al., 2005) and apple (Drogoudi et al., 2008) . Table 3 . Antioxidant capacity of hot water extract from fresh bamboo shoots of 10 accessions of Dendrocalamus hamiltonii by DPPH radical scavenging method.
Amount of bamboo shoot extract required for 50% reduction of free radical scavenging activity. All experiments were replicated three times and results are reported as means ± SD. Mean values followed by the same superscript letters do not differ significantly by the Duncan multiple range test (P ≤ 0.05).
Total cyanide content using the picrate method
Total cyanide content of three portions, i.e., tip, middle and base in bamboo shoots of the 10 populations of D. hamiltonii are shown in Table 4 . The total cyanide levels were the highest at the tip and the lowest at the base of the bamboo shoot. The highest cyanide content in the middle portion was found in the U-CHP3 (1123 ppm) and the lowest was obtained in U-IEP8 (940 ppm). There was a significant variation in total cyanide content in bamboo shoots among the accessions. Cyanogenesis is the ability of some plants to synthesize cyanogenic glycosides, which when enzymatically hydrolyzed, release hydrocyanic acid (HCN), also known as prussic acid (Harborne, 1993) . There is strong evidence that cyanogenesis is one of the mechanisms that can serve the plant as a protective mechanism against predators such as herbivores (Jones, 1998) . This probably explains the presence of high concentration of cyanide in the apical portions to protect the plant from pathogenic attack at immature stages. Wide variation in cyanogenesis within genotypes may be due to variation in both the production of cyanogenic glycosides themselves and the enzyme, which degrades them, depending on different physiological or ecological factors (Vetter, 2000) . A couple of investigations have been carried out on total cyanide content in bamboo shoots of limited bamboo species, namely B. arundinacea Willd (Haque and Bradbury, 2002) and giant bamboo (Cathariostachys madagascariensis), important food plants of lemurs (Ballhorn et al., 2009) . Hence, the present study aimed to determine the total cyanide content within genotypes of bamboo species.
Name of population
Total cyanide content (ppm)
Tip portion Middle portion Base portion Table 4 . Total cyanide content (ppm) in bamboo shoots of the 10 Dendrocalamus hamiltonii accessions. ppm = mg HCN equivalents/kg bamboo shoots. All experiments were replicated three times. Values followed by the same superscript letters do not differ significantly by the Duncan multiple range test (P ≤ 0.05).
Correlation analysis
The Karl Pearson correlation coefficients for different morphological and biochemical parameters are shown in Table 5 . A strong negative correlation coefficient was observed between total antioxidant activity and total cyanide content (r = -0.98), which was significant at P < 0.01. Height of the culms showed a positive correlation with diameter (r = 0.965, P < 0.01), internodal length (r = 0.831, P < 0.01) and total culm sheath length (0.774, P < 0.01), and negatively correlated with breadth at the base of the culm sheath (r = -0.829, P < 0.01). Diameter was positively correlated with internodal length (r = 0.732, P < 0.05) and total culm sheath length (r = 0.748, P < 0.05), while negatively correlated with breadth at base of culm sheath (r = -0.842, P < 0.01). Internodal length has a positive correlation with total culm sheath length (r = 0.868, P < 0.01) and a negative correlation with breadth at the base of the culm sheath (r = -0.666, P < 0.05). Total culm sheath length had a negative correlation with breadth at the base of the culm sheath (r = -0.664, P < 0.05) and positive correlation with total leaf length (r = 0.787, P < 0.01).
Principal coordinate analysis
In a PCA with all samples, the first two axes explained 25.22 and 16.17%, respectively, of the variation in the matrix and differentiated the accessions according to their genetic diversity and antioxidant activity ( Figure 5 ). Geographically, genetic group 2 distributed in the same areas, i.e., different geographical sites of the Chandel district. Conversely, genetic Group 1, containing 4 accessions, is geographically isolated from the first ones and covers the cultivating areas of the Imphal-East district. Basically, all D. hamiltonii accessions of the same geographical location clustered in the same group. All 4 accessions that were grouped in the first cluster, possessing high antioxidant scavenging activity (43.45 to 36.9%) were spatially isolated in the two dimensional PCOOR plots within 0.4 to 0.6 in dimension 1 and 0.06 to 0.08 in dimension 2. The other accessions that were grouped in the second cluster showed spatial distribution within 0 to -0.42 in dimension 1 and 0 to -0.7 in dimension 2. The two major groups (Groups 1 and 2) revealed by UPGMA cluster analysis were confirmed by PCA. This analysis allowed discrimination between the accessions and established the relevance of the peaks to each principal coordinate, also substantiating their status in terms of antioxidant activity. Table 5 . Karl Pearson correlations for various morphological and biochemical parameters.
The Arabic numerals used represent the morphological and biochemical parameters for Karl Pearson correlations analysis as follows: 1 = antioxidant activity (%); 2 = total cyanide content (ppm); 3 = height of culm (m); 4 = diameter (cm); 5 = internodal length (cm); 6 = total sheath length (cm); 7 = breadth of culm sheath (cm); 8 = imperfect blade length (cm); 9 = total leaf length (cm); 10 = leaf base (cm). *P ≤ 0.05, **P ≤ 0.01. 
Multiple regression analysis
MRA was attempted to determine the association of AFLP markers with biochemical attributes, i.e., antioxidant activity of WEB and total cyanide content in different accessions of D. hamiltonii (Table 6) . A total of 4 alleles generated by primers EcoRI-AAG(Joe)/ MseI-CTC, EcoRI-ACC(Ned)/MseI-CTG, EcoRI-AAC(Ned)/MseI-CTG, and EcoRI-ACG(Joe)/MseI-CAG showed positive correlation with antioxidant activity. Of these, the 273-bp peaks generated by EcoRI-AAG(Joe)/MseI-CTC showed a maximum (0.729) correlation with antioxidant activity, which was highly significant (P < 0.01, t = 8.437). The regression coefficient (β) was also very high (0.860). Standard multiple regression can only accurately estimate the relationship between dependent and independent variables if the relationships are linear in nature. If the relationship between independent variables and the dependent variable is not linear, the results of the regression analysis will underestimate the true relationship. To ascertain the relationship between selected AFLP markers and antioxidant activity, markers selected at the first three consecutive steps of MRA were tested for the linear relationships with high antioxidant activity. It showed that the U-IEP8 accession with the highest antioxidant activity in bamboo shoot extract was in the range of 0.8 to 1.0 on the x-axis and 10 to 15 on the y-axis for the AFLP markers (Figure 6 ). On the other hand, bamboo shoot extract of the U-IEP9, U-CHP2, U-CHP1, and U-CHP4 accessions with a moderate antioxidant activity occupied the central position at 0-0.2 on the x-axis and -5-0 on the y-axis. The other accessions with low antioxidant activity occupied the position in the negative range (both on the x-axis and y-axis) of the regression plot. Hence, the other AFLP markers generated by different primers can also be taken as markers for association with high antioxidant activity in bamboo shoots of D. hamiltonii and subsequent use for MAS (marker-assisted selection) in breeding programs. Table 6 . Coefficients for dependent variable in the stepwise multiple regression analysis for association of AFLP markers with antioxidant activity and total cyanide content.
In the case of total cyanide content, stepwise regression identified four alleles corresponding to 273, 377, 396, and 188 bp generated with the four primers EcoRI-AAG/MseI-CTC, EcoRI-ACG/MseI-CAG, EcoRI-AAC/MseI-CTG, and EcoRI-ACC/MseI-CTG, respectively. The standardized beta coefficient was in the negative range (-0.682 to -0.783). The 396-bp peak generated by EcoRI-AAC(Ned)/MseI-CTG showed a negative correlation (r = -0.694), which was significant (P < 0.01, t = -3.798). The association of the primer EcoRI-ACG(Joe)/MseI-CAG with the total cyanide content of the 10 D. hamiltonii accessions is shown in Figure 7 . The linear relationships showed that U-IEP8, which possessed the lowest cyanide content in bamboo shoots occupied the range between 0.8 and 0 on the x-axis and -150 and -100 on the y-axis. While the rest of the accessions of D. hamiltonii with the highest antioxidant activity in bamboo shoots occupied the range between -20 and 0 on the x-axis and -50 and 50 on the y-axis. Table 1 .
The germplasm-regression-combined (GRC) marker-trait association identification has several advantages over the linkage-based identification of markers associated with genes/ QTLs (quantitative trait loci) because of the following reasons: i) this allows the detection of QTL that varies across a wide spectrum of biodiversity rather than just between two planned parental genotypes; ii) this requires less inputs of time, labor and financial resources, compared to linkage-based QTL identification, and iii) this technique plays an important role in plant MAS/QTL breeding programs, especially in orphan crops and long-juvenile woody plants with heterozygosity when no other genetic information such as linkage maps and QTL are available. Such studies of GRC analysis have also been carried out to identify the associations of molecular markers with desirable traits in various crops and woody plants with great success, such as Asian rice (Virk et al., 1996) , tea (Mishra and Sen-Mandi, 2004) , wheat (Roy et al., 2006) , mulberry (Kar et al., 2008) , and birch (Wang et al., 2008) .
Hence, based on the AFLP markers associated with the biochemical traits, identified by MRA, the genotype U-IEP8 could be of great use itself as well as in MAS breeding programs for developing further superior genotypes of D. hamiltonii that have high antioxidant activity with low total cyanide content.
